
Abstract:  The problem of using observed informa4on in es4ma4ng unobserved state variables and fixed
parameters in a model of a nonlinear dynamical system when the measurements are noisy, the model has
errors, and the state of the system as measurements begin is uncertain is cast as an exact path integral. In this
formula4on the measurements are seen as a guiding “poten4al” direc4ng a chao4c system to the correct
region of phase space. The path integral is evaluated directly for small systems such as the Lorenz 1996 model.
In the measurement window, there are indica4ons that the distribu4on of state variables is nearly Gaussian.
The proper4es of the path integral can yield an approxima4on to the number of required measurements.

A saddle point evalua4on of the path integral is seen to be 4DVAR, and implemen4ng this in the case where
the dynamics is error free—i.e. determinis4c—is shown to require regulariza4on to achieve a smooth surface
on which the es4ma4on search can proceed. The number of observa4ons required to regularize the search can
be es4mated from this requirement.

The regularized 4DVAR method is applied to experiments on a small nonlinear circuit as well as to the Lorenz
1996 model.
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